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Abstract
Introduction
Data are limited regarding tuberculosis (TB) and latent TB infection prevalence in Rwandan
health facilities.
Methods
We conducted a cross-sectional survey among healthcare workers (HCWs) in Kigali during
2010. We purposively selected the public referral hospital, both district hospitals, and ran-
domly selected 7 of 17 health centers. School workers (SWs) from the nearest willing public
schools served as a local reference group. We tested for latent TB infection (LTBI) using tu-
berculin skin testing (TST) and asked about past TB disease. We assessed risk of LTBI and
past history of TB disease associated with hospital employment. Among HCWs, we as-
sessed risk associated with facility type (district hospital, referral hospital, health center),
work setting (inpatient, outpatient), and occupation.
Results
Age, gender, and HIV status was similar between the enrolled 1,131 HCWs and 381 SWs.
LTBI was more prevalent among HCWs (62%) than SWs (39%). Adjusted odds of a positive
TST result were 2.71 (95% CI 2.01–3.67) times greater among HCWs than SWs. Among
HCWs, there was no detectable difference between prevalence of LTBI according to facility
type, work setting, or occupation.
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Conclusion
HCWs are at greater risk of LTBI, regardless of facility type, work setting, or occupation.
The current status of TB infection control practices should be evaluated in the entire work-
force in all Rwandan healthcare facilities.
Introduction
Tuberculosis (TB) is the most common opportunistic infection and leading cause of death in
people living with HIV (PLHIV) [1–3]. In some resource-limited settings, up to 25% of PLHIV
were found to have active TB disease upon initial presentation to an HIV care and treatment
clinic [4]. Annual incidence of TB in Rwanda is 89 cases per 100,000 population and approxi-
mately 30% of persons diagnosed with TB also have HIV infection [5].
In high TB burden settings, health care workers (HCWs) are known to be at increased risk for
latent TB infection (LTBI) due to their routine, sustained occupational exposure [6]. TB trans-
mission in health care facilities in resource-limited settings is due to high TB prevalence, large
numbers of patients seeking treatment, prolonged hospitalization, lack of isolation wards, over-
crowding of admission wards, and weak or inadequate infection control (IC) measures [7–8].
Due to the association between HIV infection and TB and the emergence of multidrug-re-
sistant (MDR) TB strains, TB IC activities have focused on settings where PLHIV receive ser-
vices, such as HIV care and treatment clinics [9]. This targeted approach has been further
justified by reports of nosocomial transmission during outbreaks of MDR TB [10–13]. Howev-
er, recent reports have illustrated that TB risk is widespread in health care settings, supporting
a more holistic approach to TB IC [14–19].
To date, there are no data available regarding the burden and risk of LTBI associated with
Rwandan health care facilities. This study aimed to quantify the risk of LTBI, and past TB dis-
ease associated with work in outpatient and inpatient settings in health care facilities in Kigali
Province in order to establish a baseline for monitoring and evaluation and to guide national
TB control efforts in developing appropriate policies and procedures to effectively mitigate
TB risk.
Methods
We conducted a cross-sectional survey of LTBI and TB disease amongst HCWs and school
workers (SWs) from October 2010 to December 2010, in Kigali City, Rwanda. We randomly
selected seven of 17 health centers in Kigali, and purposefully included two of three Kigali Dis-
trict Hospitals (the military hospital of Kicukiro District was excluded), and one public refer-
ence hospital in Kigali (University Teaching Hospital of Kigali, CHUK). We purposively
selected these facilities because there were few hospitals and all of them employ large numbers
of health care workers. The military district hospital did not participate due to concerns from
hospital leadership regarding participation in the study by members of the Rwandan military.
Staffing levels, patient loads and TB diagnostic methods of the facilities included in this
study are described in S1 Table. Although specific IC practices within each facility were not
evaluated as part of this study, commonly reported IC practices in Kigali at the time of this
study included having a TB IC plan, triage and separation of patients with a cough and patients
with known smear-positive TB, promoting cough hygiene, and keeping windows and doors
open when possible.
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The total site sample was 10 health facilities and 10 matched public schools from Kigali. The
locations of the health facilities were used to define informal local catchment areas. From with-
in each of those health care catchment areas, the nearest public school was included in the sur-
vey. Thus, workers from the selected schools within each catchment area serve as the reference
from which we assessed the comparative risks of LTBI and TB disease among the health care
workers within the respective catchment areas. We recruited school workers as our control
group because they are socio-demographically similar to health care workers but differ with re-
gards to workplace exposure to TB.
We recruited all clinical and nonclinical staff from health care facilities and teachers and ad-
ministrators employed at participating schools. All HCWs and SWs must have served in the fa-
cility for at least 6 months and be 21 years of age to be eligible. All participants provided a
written informed consent.
Screening for TB and LTBI
Participants underwent a TB screening based on the Rwandan national TB screening question-
naire. The TB screening tool included the following elements: current cough (and duration);
unintended weight loss> 3 kg during the last 4 weeks; night sweats 3 weeks; fever 3
weeks; close contact with a known TB patient during the last 2 years; and TB treatment during
the last five years. Participants who reported a cough, unintended weight loss, night sweats, or
fever were referred to a clinician for further evaluation. Prevalence of a past TB diagnosis was
based on self-report. We used single-step Mantoux tuberculin skin tests (TST), with PPD RT23
to estimate prevalence of LTBI [20, 21]. TST placement was done by a team of nurses with pre-
vious experience in TST placement and reading. Prior to the study all study nurses were re-
trained in TST placement and reading by subject matter experts from the university teaching
hospital of Kigali (UTHK and the Division of TB Elimination at CDC TST reactions were read
between 48 and 72 hours after placement.
Induration of10 mm was considered a positive result for HCWs and SWs; however a
threshold of5mm was used for PLHIV. Participants were given information on the manage-
ment of a positive TB symptom screen and the need for further evaluation following a positive
TST result.
HIV status
Participants were asked if they knew their HIV status and, if so, whether testing had been per-
formed within three months of the date of data collection. Self-reporting of HIV-positive status
based on testing within the past three months was accepted as definitive. Those who did not
know their HIV status and those that reported having a negative HIV test result from>3 three
months ago were encouraged to undergo HIV screening using Determine test kits according to
the national rapid testing algorithm. Participants were offered voluntary HIV counseling and
testing services at the time of interviewing. The total number of PLHIV included those who
self-reported positive status and those that tested HIV positive. For the purposes of this study,
only those individuals who consented to HIV testing and returned negative test results were
counted as HIV negative.
Data collection and analysis
All participants were interviewed using a standardized questionnaire to gather information re-
lated to socio-demographic characteristics. As a proxy for socioeconomic status, we asked par-
ticipants about the number of persons per room in their household. HCWs were asked
additional questions regarding workplace related risk factors such as time employed as a
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HCW, amount of time spent working in outpatient and inpatient care, their specific occupation
(i.e., doctor, janitor, nurse, administrator) and the specific departments within the health facili-
ty in which they worked.
The prevalence of LTBI was established and compared between those with assumed high ex-
posure to TB represented by HCWs and those with reference exposure represented by SWs.
Differences in prevalence of infection between HCW and SWs were attributed to the work
place under the assumption that risk of TB infection outside the workplace was similar between
HCWs and SWs. Descriptive characteristics of HCWs and SWs were quantified using cross
tabulations, including differences and their 95% confidence intervals (CI). Conditional logistic
regression was used to compare estimates of risk of LTBI and past TB disease between HCWs
and SWs matched by health-care catchment area. Additionally, multiple logistic regression
analysis was used to assess work-related risk factors for LTBI among HCWs; these risk factors
included facility type (district hospital, referral hospital, health center), work setting (inpatient
or outpatient), occupation (clinical, clinical support, auxiliary, and administrative), and depart-
ment (high risk or standard risk). Clinical departments providing services to a patient popula-
tion known to have a high prevalence of TB disease were considered high risk departments;
these included HIV care and treatment and TB services. All other departments were considered
standard risk departments. Risk factors for LTBI and TB disease were determined by calculat-
ing adjusted odd ratios (AOR) and 95% CIs after controlling for potential confounders such as
age, gender, HIV status, and personal history of TB.
Ethical Considerations
The protocol was approved by the former TRACPlus/MOH, the Rwanda National Ethics Com-
mittee, and the National AIDS Commission Review Board. In addition, the protocol was ap-
proved by the U.S. Centers for Disease Control and Prevention in Atlanta.
Results
Of 1,460 HCWs available at selected health facilities during the study enrollment period, 1,131
(77%) provided informed consent and completed the questionnaire; of these, 1,023 (91%) had
a TST placed and read (Fig 1). Among 481 recruited SWs, 381 (79%) provided informed con-
sent and completed the questionnaire; of these, 348 (91%) had a TST placed and read. The larg-
est TST indurations occurred among the HCWs (Fig 2).
Apart from differences in work settings and personal history of TB disease, the populations
of HCWs and SWs shared similar demographic characteristics. The median ages of HCWs and
SWs were 32 and 34 years, respectively (Table 1). Approximately two-thirds of both groups
were female. The proportions of HCWs and SWs who shared a residence with someone known
to have been diagnosed with TB disease were nearly identical at 14.7 and 15.0%, respectively,
and HIV prevalence was 2.6% in both groups. Socio-economic status, as measured by the num-
ber of persons per room in household, was similar between HCWs and SWs. The HCWs were
more likely to have had TB disease (risk difference of 2.6%; 95% CI 0.9–4.3).
The prevalence of LTBI was higher in HCWs (62.1%) than SWs (38.8%), and the adjusted
odds of a positive TST were 2.71 times greater among the HCWs (95% CI 2.01–3.67) after ad-
justing for age, gender, HIV status, contact with an active TB patient, and household density
(Table 2). Secondarily, the odds of LTBI were increased by 4% (AOR 1.04; 95% CI 1.02–
1.05%.) per year of age across both work settings, but there was no evidence of association be-
tween LTBI and gender, HIV status, personal contact with TB cases or the number of persons
per room in households.
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The HCWs were more likely to have reported a history of TB disease than the SWs, and the
adjusted odds of prior TB disease were 3.14 times greater among the HCWs than the SWs
(95% CI 1.25–7.90) after adjusting for age, gender, HIV status, contact with an active TB pa-
tient, and household density (Table 3). Secondarily, there was a strong association between his-
tory of TB disease and HIV infection (AOR 6.62; 95% CI 2.54–17.78) across both work
settings, but no evidence of association with age, gender, contact with active TB cases or num-
ber of persons per room in households.
Among health-care workers, the odds of LTBI increased by 3% (AOR 1.03; 95% CI 1.01–
1.06) for each year worked in health care after adjusting for other putative risk factors
(Table 4). In contrast, there was no evidence of association between LTBI and facility type,
work setting, department, or occupation among the HCWs. Among the HCWs, history of TB
disease was associated only with HIV status (AOR 11.15; 95% CI 3.72–33.40) (Table 5).
Discussion
Since 2010 there has been no change in the national TB IC policy and implementation Guide-
lines, and therefore, we feel our findings are still representative of the current situation.
After controlling for risk factors for LTBI which are not job-related, and HIV infection, we
found that rates of LTBI and past TB disease were both higher among health care workers than
local controls.
Within health care settings, the risk of infection did not differ significantly across work loca-
tions and occupations. This finding is consistent with previously published literature and
Fig 1. Data flow for health-care workers and school workers from ten health-care catchment areas in Kigali, Rwanda.
doi:10.1371/journal.pone.0124485.g001
Tuberculosis Infection Risk in Kigali Health Facilities
PLOS ONE | DOI:10.1371/journal.pone.0124485 April 28, 2015 5 / 14
Fig 2. Distributions of TST indurations (mm) for health-care workers and school workers from ten
health-care catchment areas in Kigali, Rwanda. Thirty (2.6%) and 10 (2.6%) HCWs and SWs,
respectively, either self-reported or tested HIV positive, and 818 (99%) HCW and 280 (98%) SWwho tested
HIV-negative were classified as such.
doi:10.1371/journal.pone.0124485.g002
Table 1. Descriptive characteristics of 1,131 health care workers and 381 school workers from Kigali, Rwanda.
Characteristic Health Care Workers School Workers Difference [95% CI]
Age, median years (range) 32 (21–78) 34 (21–71) -3.5 [-4.8, -2.3]1
Female gender, n (%) 726 (64.2) 248 (65.1) -0.9 [-6.4, 4.6)2
HIV status, n (%)
Positive 30 (2.6) 10 (2.6) 0.0 [-2.3, 2.5]2
Negative 818 (72.3) 280 (73.5)
Unknown 283 (25.0) 91 (23.9)
Personal history of TB, n (%)
Yes 47 (4.2) 6 (1.6) 2.6 [0.9, 4.3]
No 1,083 (95.8) 375 (98.4)
Unknown 1 (0.1) 0
Ever had household contact with TB, n (%)
Yes 166 (14.7) 57 (15.0) -0.7 [-4.9, 3.5]2
No 954 (84.3) 310 (81.4)
Unknown 11 (1.0) 14 (3.7)
Median number of persons/room in household (range) 1.3 (0.1–6.0) 1.4 (0.4–16.5) 0.1 [0.0, 0.2]1
1Difference between means.
2Risk difference (%) between positive/affirmative, excluding unknowns.
doi:10.1371/journal.pone.0124485.t001
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suggests increased transmission of TB within health care facilities in Kigali [15–16], and sug-
gests that risk is incurred by duration of occupancy in health facilities, regardless of job occupa-
tion or department type. Other studies among HCWs from Africa that measured prevalence of
LTBI found rates ranging from 33% in South Africa to 79% in Côte d'Ivoire [22–23]. Interest-
ingly, investigators from nearby Uganda noted a nearly identical prevalence of LTBI among
HCWs of 57% [24].
Previously published research has noted multiple, however, not always consistent, occupation-
al risk factors for LTBI among HCWs in low- and middle-income countries [15]. Identified
high-risk locations for LTBI within facilities include TB clinics, infectious disease wards, pulmo-
nary wards, medical wards, and surgical/obstetric wards [25–29]. Previously identified high-risk
occupations include radiology technicians, nurses, physicians, laboratory technicians, housekeep-
ers, and maintenance personnel [27–31]. Unfortunately, because these studies used different defi-
nitions and different control groups, direct comparison to each other and to our study is difficult.
Our inability to identify high risk locations within health facilities is consistent with recent
reports from some settings [30–31] and may be related to staff movement within the facility. If
Table 2. Odds ratios for latent TB infection, as identified by TST results, among health-care workers relative to school workers from Kigali,
Rwanda, before and after adjusting for potential confounders.
Characteristic Valid TST results Number (%) TST-positive Unadjusted odds ratio [95% CI] Adjusted odds ratio [95% CI]
Occupation
Health-Care Workers 1,023 635 2.47 2.71
(62.1) [1.86, 3.27] [2.01, 3.67]
School Workers 348 135 Reference Reference
(38.8)
Age1 1.03 1.04
[1.02, 1.04] [1.02, 1.05]
Gender
Male 494 272 0.90 0.98
(55.1) [0.72, 1.13] [0.77, 1.24]
Female 877 498 Reference Reference
(56.8)
HIV Status
Positive 40 24 1.28 1.16
(60.0) [0.64, 2.56] [0.57, 2.37]
Negative 1,098 569 Reference Reference
(51.8)
Unknown 374 177 0.99 0.94
(47.3) [0.76, 1.28] [0.72, 1.23]
Active TB Contact
Yes 468 293 1.38 1.16
(62.6) [1.10, 1.75] [0.90, 1.48]
No 850 449 Reference Reference
(52.8)
Unknown 53 28 0.91 0.81
(52.8) [0.52, 1.60] [0.45, 1.45]
Persons per Room in Household 0.93 0.91
[0.80, 1.08] [0.78, 1.08]
1Odds ratios for age/years represent the effects of each additional year of exposure. For example, an AOR of 1.04 implies a 4% increase in odds per year.
doi:10.1371/journal.pone.0124485.t002
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Table 3. Odds ratios for history of TB disease among health-care workers relative to school workers from Kigali, Rwanda, before and after adjust-
ing for potential confounders.
Characteristic Self-reports Past disease (%) Unadjusted odds ratio [95% CI] Adjusted odds ratio [95% CI]
Occupation
Health-Care Workers 1,130 47 3.14 3.14
(4.2) [1,28, 7.66] [1.25, 7.90]
School Workers 381 6 Reference Reference
(1.6)
Age1 1.00 1.01
[0.98, 1.03] [0.98, 1.04]
Gender
Male 538 16 0.80 0.90
(3.0) [0.43, 1.46] [0.48, 1.69]
Female 973 37 Reference Reference
(3.8)
HIV Status
Positive 40 8 6.16 6.72
(20.0) [2.47, 15.36] [2.54, 17.78]
Negative 1,098 30 Reference Reference
(2.7)
Unknown 373 15 1.56 1.43
(4.0) [[0.82, 2.96] [0.74, 2.73]
Active TB Contact
Yes 510 20 1.31 1.01
(3.9) [0.73, 2.38] [0.54, 1.87]
No 945 29 Reference Reference
(3.1)
Unknown 56 4 2.85 2.53
(7.1) [0.95, 8.55] [0.82, 7.79]
Persons per Room in Household 0.93 0.71
[0.80, 1.08] [0.44, 1.16]
1Odds ratios for age/years represent the effects of each additional year of exposure. For example, an AOR of 1.04 implies a 4% increase in odds per year.
doi:10.1371/journal.pone.0124485.t003
Table 4. Associations between latent TB infection, as identified by TST results, and presumptive risk factors for health facility workers from Kigali,
Rwanda.
Characteristic Valid TST results Number (%) TST-positive Unadjusted odds ratio [95% CI] Adjusted odds ratio [95% CI]
Age1 1.03 1.02
[1.02, 1.05] [0.99, 1.04]
Gender
Male 374 223 0.85 1.03
(59.6) [0.65, 1.10] [0.76, 1.38]
Female 649 412 Reference Reference
(63.5)
HIV Status
Positive 29 17 0.84 0.89
(58.6) [0.39, 1.78] [0.40, 1.99]
(Continued)
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Table 4. (Continued)
Characteristic Valid TST results Number (%) TST-positive Unadjusted odds ratio [95% CI] Adjusted odds ratio [95% CI]
Negative 753 473 Reference Reference
(62.8)
Unknown 241 145 0.89 0.87
(60.2) [0.66, 1.20] [0.63, 1.19]
Facility Type
District Hospital 225 144 1.15 1.38
(64.0) [0.78, 1.70] [0.91, 2.10]
Referral Hospital 597 369 1.05 1.13
(61.8) [0.75, 1.45] [0.78, 1.64]
Health Center 201 122 Reference Reference
(60.7)
Years Worked in Health Care1 1.05 1.03
[1.03, 1.07] [1.01, 1.06]
Department Assignment
High Risk 287 183 1.11 1.09
(63.8) [0.83, 1.47] [0.80, 1.48]
Standard Risk 736 452 Reference Reference
(61.4)
Work Setting
Inpatient 262 150 0.69 0.64
(57.2) [0.46, 1.03] [0.41, 1.01]
Outpatient 162 107 Reference Reference
(66.0)
Both 542 338 0.85 0.87
(62.3) [0.59, 1.23] [0.59, 1.27]
Neither 53 38 1.30 1.26
(71.7) [0.66, 2.57] [0.62, 2.58]
Unknown 4 2 0.51 0.57
(50.0) [0.07, 3.75] [0.08, 4.30]
Job Assignment
Clinical 418 270 1.01 1.05
(64.6) [0.66, 1.54] [0.66, 1.67]
Clinical Support 146 92 0.95 0.92
(63.0) [0.58, 1.55] [0.54, 1.57]
Auxiliary 286 163 0.74 0.83
(57.0) [0.48, 1.13] [0.53, 1.31]
Administrative 126 81 Reference Reference
(64.3)
Unknown 47 29 0.89 0.98
(61.7) [0.45, 1.79] [0.48, 1.99]
1Odds ratios for age/years represent the effects of each additional year of exposure. For example, an AOR of 1.02 implies a 2% increase in odds per year.
doi:10.1371/journal.pone.0124485.t004
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Table 5. Associations between self-reported history of TB disease and presumptive risk factors for health facility workers from Kigali, Rwanda.
Characteristic Self-reports Past disease (%) Unadjusted odds ratio [95% CI] Adjusted odds ratio [95% CI]
Age1 1.02 1.01
[0.99, 1.05] [0.97, 1.06]
Gender
Male 405 15 0.83 1.31
(3.7) [0.44, 1.56] [0.66, 2.63]
Female 725 32 Reference Reference
(4.4)
HIV Status
Positive 30 7 9.27 11.15
(23.3) [3.65, 23.54] [3.72, 33.40]
Negative 818 26 Reference Reference
(3.2)
Unknown 282 14 1.59 1.31
(5.0) [0.82, 3.09] [0.66, 2.63]
Facility Type
District Hospital 289 17 1.02 1.70
(5.9) [0.49, 2.15] [0.72, 4.05]
Referral Hospital 615 17 0.47 0.67
(2.8) [0.22, 0.97] [0.27, 1.65]
Health Center 226 13 Reference Reference
(5.7)
Years Worked in Health Care1 1.01 1.00
[0.98, 1.05] [0.95, 1.06]
Department Assignment
High Risk 331 17 1.39 1.33
(5.1) [0.75, 2.55] [0.68, 2.60]
Standard Risk 799 30 Reference Reference
(3.7)
Work Setting
Inpatient 282 12 0.69 0.86
(4.3) [0.30, 1.59] [0.33, 2.21]
Outpatient 181 11 Reference Reference
(6.1)
Both 605 21 0.56 0.56
(3.5) [0.26, 1.18] [0.26, 1.23]
Neither 57 3 0.86 1.02
(5.3) [0.23, 3.19] [0.29, 4.98]
Unknown 5 0 - 1.00
(0) -
Job Assignment
Clinical 472 20 0.71 0.74
(4.2) [0.31, 1.66] [0.28, 1.96]
Clinical Support 158 9 0.97 0.75
(5.7) [0.36, 2.60] [0.25, 2.25]
Auxiliary 315 8 0.42 0.38
(2.5) [0.15, 1.14] [0.13, 1.10]
(Continued)
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staff regularly move from working in one clinic location to another, then we would expect simi-
lar rates of infection across locations because the TST measures prevalence, not incidence of in-
fection which may have occurred years ago when staff were working in a location different
from their current work site. Although we were unable to assess the presence of administrative
and environmental infection controls, the similar infection risk across work locations, settings,
and occupations and within all facility types (Referral, District, and Health Center) suggests
that key controls, such as ventilation, remain generally deficient.
The HIV prevalence among HCWs based on both HIV rapid testing and self-reports was
slightly lower than the HIV prevalence among the general population in Rwanda (3.0% among
persons 15–49 years old) [32]. In addition, HIV prevalence from both sources combined was
considerably lower than the 2010 Demographic Health Survey HIV prevalence estimate for
urban areas (7.1%) such as Kigali. The lower prevalence among HCWs and SWs may reflect
the fact that a working population is healthier, thus less likely to have HIV, than the general
population. Another explanation could be that HCWs and SWs were simply different from the
rest of the Kigali population with regard to HIV risk (e.g., better educated regarding HIV ac-
quisition and prevention measures and thus less likely to engage in high-risk behaviors).
Although not a study objective, we found it odd that we did not observe significant associa-
tions between TST reactions and sex or being a contact to an active case of TB. The fact that
both men and women in our study shared similar workplace environments may have mitigated
the association between TST reactions and sex. Because persons in regions with high rates of
TB can never be certain that they were not exposed to someone with active TB, misclassifica-
tion of exposure status might explain the lack of an association between being a contact to an
active case and TST results. A potential limitation of our study was the use of TST to estimate
prevalence of LTBI. The TST has been shown to cause false negative and false positive results,
both of which could lead to imperfect measures of prevalence of LTBI [33].
In Kigali, Rwanda, nearly two out of every three HCWs was infected with TB. HCWs had al-
most three times the odds of LTBI as did controls from the same communities, even after con-
trolling for socio-demographic factors. Our findings illustrate the elevated risk of TB involved
with employment in a health care facility and indirectly suggest increased risk among patients
visiting these same facilities, many of whom may be immune-compromised. Interestingly, the
risk of LTBI was similar between staff working in outpatient and inpatient services, and includ-
ing staff primarily assigned to HIV care and treatment and TB services.
The current status of TB infection control practices should be evaluated in the entire work-
force in all Rwandan healthcare facilities. Establishing surveillance systems within health care
facilities to monitor incidence of TB infection could help identify specific areas associated with
highest risk and be used to identify persons who could benefit from isoniazid preventive thera-
py. Additionally, efforts should be made to monitor the outcomes of HCWs with TB, HIV, and
TB/HIV [34]. Finally, although lower than that observed among HCWs, we noted that more
Table 5. (Continued)
Characteristic Self-reports Past disease (%) Unadjusted odds ratio [95% CI] Adjusted odds ratio [95% CI]
Administrative 137 8 Reference Reference
(5.8)
Unknown 48 2 0.70 0.83
(4.2) [0.14, 3,42] [0.16, 4.34]
1Odds ratios for age/years represent the effects of each additional year of exposure. For example, an AOR of 1.02 implies a 2% increase in odds per year.
doi:10.1371/journal.pone.0124485.t005
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than one in three SWs had LTBI, suggesting that strengthened infection control measures and
active case finding are also needed outside of health care facilities.
Supporting Information
S1 Table. Characteristics of health facilities, Kigali Rwanda, including TB burden, and di-
agnostic methods.
(DOCX)
Acknowledgments
Authors would like to thank the study participants and administrative staff from all participat-
ing health facilities and schools for their support. Finally, the authors would like to thank Dr.
Martine Toussaint for her role in obtaining the tuberculin used for the TST in the study; Dr.
Lisine Tuyisenge for her role in TST training and quality assurance; and Mr. Felix Murego for
his support in field coordination. Finally, we would like to thank the anonymous reviewers
whose suggestions have made our paper stronger.
Disclaimer: The findings and conclusions in this article are those of the authors and do not
necessarily represent the views of the U.S. Centers for Disease Control and Prevention. The use
of trade names is for identification purposes only and does not constitute endorsement by the
U.S. Centers for Disease Control and Prevention or the Department of Health and Human
Services.
Author Contributions
Conceived and designed the experiments: CR DWL JEO GMMWCBU RH CB SGMG. Per-
formed the experiments: CR DWL JEO GMMWCBU RH CB SGMG. Analyzed the data: CR
DWL JEO GMMWCBU RH CB SGMG. Contributed reagents/materials/analysis tools: CR
DWL JEO GMMWCBU RH CB SGMG. Wrote the paper: CR DWL JEO CBU SGMG.
References
1. World Health Organization. Global tuberculosis control: a short update to the 2009 report. December
2009. Geneva: World Health Organization, 2009.
2. Granich R, Akolo C, Gunneberg C, Getahun H, Williams P, Williams B. Prevention of TB in people living
with HIV. Clin Inf Dis. 2010; 50(S3):S215–S222.
3. TB/HIV Facts 2009. Geneva, World Health Organization, 2009.
4. Cain KP, Kanara N, Laserson KF, Vannarith C, Sameourn K, Samnang K, et al. The epidemiology of
HIV-associated tuberculosis in rural Cambodia. Int J Tuberc Lung Dis. 2007; 11: 1008–1013. PMID:
17705980
5. World Health Organization. Tuberculosis Country Profile, Rwanda. Geneva. WHO. 2014. Available:
http://www.who.int/tb/country/en/
6. Drobniewski F, Balabanova Y, Zakamova Y, Nikolayevskyy V, Fedorin I. Rates of Latent Tuberculosis
in Health Care Staff in Russia. PlosMed. 2007; 4: 273–279.
7. He GX, van denHof S, van der Werf MJ,Wang GJ, Ma SW, Zhao DY, et al. Infection control and the bur-
den of tuberculosis infection and disease in Health care workers in China: a cross sectional study. BMC
Infect Dis. 2010; 10:313 doi: 10.1186/1471-2334-10-313 PMID: 21029452
8. Baussano L, Nunn P, Williams B, Pivetta E, Buggiani M, Scano F. Tuberculosis among Health Care
Workers. Emerg Infect Dis. 2011; 17: 488–494. doi: 10.3201/eid1703.100947 PMID: 21392441
9. Bock NN, Jensen PA, Miller B, Nardell E. Tuberculosis control in resource-limited settings in the era of
expanding HIV care and treatment. JID 2007; 196: S108–113. PMID: 17624819
10. Kenyon TA, Ridzon R, Luskin-Hawk R, Schultz C, Paul WS, Valway SE, et al. A nosocomial outbreak
of multidrug-resistant tuberculosis. Ann Intern Med. 1997; 127: 32–36. PMID: 9214250
Tuberculosis Infection Risk in Kigali Health Facilities
PLOS ONE | DOI:10.1371/journal.pone.0124485 April 28, 2015 12 / 14
11. Moss AR, Alland D, Telzak E, Hewlett D Jr, Sharp V, Chiliade P, et al. A city-wide outbreak of a multi-
ple-drug-resistant strain of Mycobacterium tuberculosis in New York. Int J Tuberc Lung Dis. 1997;
1:115–121. PMID: 9441074
12. Moro ML, Gori A, Errante I, Infuso A, Franzetti F, Sodano L, et al. An outbreak of multidrug-resistant tu-
berculosis involving HIV-infected patients of two hospitals in Milan, Italy. AIDS 1998; 12:1095–1102.
PMID: 9662207
13. O'Donnell MR, Jarand J, Loveday M, Padayatchi N, Zelnick J, Werner L, et al. High Incidence of Hospi-
tal Admissions with Multidrug Resistant and Extensively Drug Resistant Tuberculosis among South Af-
rican Health Care Workers. Ann Intern Med. 2010; 153: 516–522. doi: 10.7326/0003-4819-153-8-
201010190-00008 PMID: 20956708
14. Jensen PA, Lambert LA, Iademarco MF, Ridzon R. Guidelines for preventing the transmission of Myco-
bacterium tuberculosis in health-care settings, 2005. MMWR 2005; Rec and Rep. Rep 54(RR17); 1–
141. PMID: 16382216
15. Joshi R, Reingold AL, Menzies D, Pai M. Tuberculosis among health-care workers in low- and middle-
income countries: a systemic review. PLoSMed. 2006; 3: e494. PMID: 17194191
16. Menzies D, Joshi R, Pai M. The risk of tuberculosis infection and disease associated with work in health
care settings. Int J Tuberc Lung Dis. 2007; 11: 593–605. PMID: 17519089
17. Galgalo T, Dalal S, Cain KP, Oeltmann J, Tetteh C, Kamau JG, et al. Tuberculosis risk among staff of a
large public hospital in Kenya. Int J Tuberc Lung Dis. 2008 Aug; 12(8):949–54. PMID: 18647456
18. Lien LT, Hang NT, Kobayashi N, Yanai H, Toyota E, Sakurada S, et al. Prevalence and Risk Factors for
Tuberculosis Infection among Hospital Workers in Hanoi, Viet Nam. PLoS ONE. 2009; 4(8): e6798. doi:
10.1371/journal.pone.0006798 PMID: 19710920
19. Rafiza S, Rampal KG, Tahir A. Prevalence and risk factors of latent tuberculosis infection among health
care workers in Malaysia. BMC Inf Dis. 2011; 11:19. doi: 10.1186/1471-2334-11-19 PMID: 21244645
20. Arnadottir T, Rieder HL, Trebbucq A, Waller HT. Guidelines for conducting tuberculin skin test surveys
in high prevalence countries. Tuberc Lung Dis. 1996; 77(Suppl): 1–20 PMID: 8759471
21. American Thoracic Society, Centers for Disease Control and Prevention. Targeted tuberculin testing
and treatment of latent tuberculosis infection, 2000. Report no 49 (RR6). Atlanta, GA, USA: Centers
for Disease Control and Prevention, 2000. PMID: 10881762
22. Naidoo S, Jinabhai CC. TB in health care workers in KwaZulu-Natal, South Africa. Int J Tuberc Lung
Dis. 2006; 10: 676–682. PMID: 16776456
23. Kassim S, Zuber P, Wiktor SZ, Diomande FV, Coulibaly IM, Coulibaly D, et al. Tuberculin skin testing to
assess the occupational risk of Mycobacterium tuberculosis infection among health care workers in Ab-
idjan, Côte d'Ivoire. Int J Tuberc Lung Dis. 2000; 4: 321–326. PMID: 10777080
24. Kayanja HK, Debanne S, King C, Whalen CC. Tuberculosis infection among health care workers in
Kampala, Uganda. Int J Tuberc Lung Dis. 2005; 9: 686–688. PMID: 15971398
25. Alonso-Echanove J, Granich RM, Laszlo A, Chu G, Borja N, Blas R, et al. Occupational transmission of
Mycobacterium tuberculosis to health care workers in a university hospital in Lima, Peru. Clin Infect
Dis. 2001; 33: 589–596. PMID: 11477527
26. Do AN, Limpakarnjarat K, Uthaivoravit W, Zuber PL, Korattana S, Binkin N, et al. Increased risk of My-
cobacterium tuberculosis infection related to the occupational exposures of health care workers in
Chiang Rai, Thailand. Int J Tuberc Lung Dis. 1999; 3: 377–381. PMID: 10331725
27. Keskiner R, Ergönül O, Demiroglu Z, Eren S, Baykam N, Dokuzoguz B. Risk of tuberculous infection
among healthcare workers in a tertiary-care hospital in Ankara, Turkey. Infect Control Hosp Epidemiol.
2004; 25: 1067–1071. PMID: 15636294
28. García-García ML, Jiménez-Corona A, Jiménez-Corona ME, Ferreyra-Reyes L, Martínez K, Rivera-
Chavira B, Martínez-Tapia ME, et al. Factors associated with tuberculin reactivity in two general hospi-
tals in Mexico. Infect Control Hosp Epidemiol. 2001; 22: 88–93. PMID: 11232884
29. Sherman HA, Karakis I, Heimer D, Arzt M, Goldstein W, Bouhnik L, et al. Housekeeping health care
workers have the highest risk for tuberculin skin test conversion. Int J Tuberc Lung Dis. 2011; 15:
1050–1055. doi: 10.5588/ijtld.10.0344 PMID: 21740667
30. Powell K, Han D, Hung NV, Vu T, Sy DN, Trinh TT, et al. Prevalence and risk factors for tuberculosis in-
fection among personnel in two hospitals in Viet Nam. Int J Tuberc Lung Dis. 2011; 15: 1643–1649. doi:
10.5588/ijtld.11.0207 PMID: 22118172
31. He GX, Wang LX, Chai SJ, Klena JD, Cheng SM, Ren YL, et al. Risk factors associated with tuberculo-
sis infection among health care workers in Inner Mongolia, China. Int J Tuberc Lung Dis. 2012; 16:
1485–1491. doi: 10.5588/ijtld.12.0193 PMID: 22964074
32. Rwanda Demographic and Health Survey, 2010: Ministry of Health: Kigali, Rwanda
Tuberculosis Infection Risk in Kigali Health Facilities
PLOS ONE | DOI:10.1371/journal.pone.0124485 April 28, 2015 13 / 14
33. CDC. Tuberculin Skin Testing. Available: http://www.cdc.gov/tb/publications/factsheets/testing/
skintesting.pdf
34. Wahome E, Makori L, Gikera M, Wafula J, Chakaya J, Edginton ME, et al. Tuberculosis treatment out-
comes among hospital workers at a public teaching and national referral hospital in Kenya. Public
Health Action. 2013; 3: 323–327
Tuberculosis Infection Risk in Kigali Health Facilities
PLOS ONE | DOI:10.1371/journal.pone.0124485 April 28, 2015 14 / 14
